The purpose of this study was to determine the effects of exercise training on ventricular epicardial fat thickness in obese men and to investigate the relationship of the change in epicardial fat thickness to changes in abdominal fat tissue following exercise training. Twenty-four obese middle-aged men [age, 49.4 Ϯ 9.6 yr; weight, 87.7 Ϯ 11.2 kg; body mass index (BMI), 30.7 Ϯ 3.3 kg/m 2 ; peak oxygen consumption, 28.4 Ϯ 7.2 ml ⅐ kg Ϫ1 ⅐ min Ϫ1 ; means Ϯ SD] participated in this study. Each participant completed a 12-wk supervised exercise training program (60 -70% of the maximal heart rate; 60 min/day, 3 days/wk) and underwent a transthoracic echocardiography. The epicardial fat thickness on the free wall of the right ventricle was measured from both parasternal long-and short-axis views. The visceral adipose tissue (VAT) and subcutaneous adipose tissues were measured by computed tomography. Following exercise training, the epicardial fat thickness was significantly decreased (P Ͻ 0.001). The percentage change of epicardial fat thickness was twice as high compared with those of waist, BMI, and body weight of original values (P Ͻ0.05). There was a significant relationship (r ϭ 0.525, P ϭ 0.008) between changes in the epicardial fat thickness and VAT with exercise training. Stepwise multiple regression analysis revealed that the change in VAT, change in systolic blood pressure, and change in quantitative insulin sensitivity check index were independently related to the change epicardial fat thickness (P Ͻ 0.05). The ventricular epicardial fat thickness is reduced significantly after aerobic exercise training and is associated with a decrease in VAT. These results suggest that aerobic exercise training may be an effective nonpharmacological strategy for decreasing the ventricular epicardial fat thickness and visceral fat area in obese middle-aged men. abdominal adiposity; systolic blood pressure; insulin resistance THE INCIDENCE AND PREVALENCE of obesity are significantly increasing all over the world, and obesity represents a major health hazard because of the independent risks that are directly related to increased body mass index per se, in addition to the associated potential risks for the development of diabetes, dyslipidemia, and hypertension (32). Emerging evidence has shown that in obesity, excessive fat accumulation is ubiquitous in the liver (45), abdominal viscera, and subcutaneous tissues (37) and within myocytes (43), all of which lead to worsening of insulin sensitivity in the general population and impaired metabolic control in diabetic patients (47). Besides the above sites of adipose accumulation, epicardial adipose tissue has been potentially recognized as a marker of cardiac risk and of the development of an unfavorable metabolic risk profile (16, 18) . Echocardiographically measured epicardial fat on the free wall of the right ventricle has been shown to be true visceral fat with all the characteristics of highly insulin-resistant tissues (18) and is related to an increase in the left ventricular mass (19). Therefore, effective treatments are needed to decrease the amount of epicardial fat in the obese. Considering this factor, a recent study used a recently validated echocardiographic measure and reported that weight loss after bariatric surgery in severely obese patients contributed to a decrease in the epicardial adipose tissue (49). More recently, the very low calorie diet of a weight loss program decreased epicardial fat thickness, which is associated with changes in fat distribution in severely obese subjects (20) .
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Exercise is well known as the cornerstone treatment for obesity-related metabolic complications, including insulin resistance, hypertension, impaired glucose tolerance or diabetes, hyperinsulinemia, and dyslipidemia, that are characterized by elevated adipose accumulation (14, 46) . Physical activity is known as a common prescription to reduce abdominal adipose deposition and obesity (37) (38) and to improve glucose tolerance and lipid metabolism through its acute and chronic effects, and physical activity has been associated with a reduction in abdominal and visceral fat (31, 40) ; surprisingly, however, to the best of our knowledge, only a few human studies have been conducted to determine whether exercise training changes the epicardial fat thickness.
The purpose of the present study was, therefore, to determine whether aerobic exercise training without diet restriction changes the ventricular epicardial fat thickness and whether the changes in the abdominal visceral fat deposits are associated with the epicardial fat thickness during exercise training in middle-aged obese men.
MATERIALS AND METHODS
Participants. The subjects were recruited through advertisements in local newspapers. In general, the volunteers were healthy, were not consuming any medication known to alter glucose and lipid metabolism, and were reportedly free of any diagnosed cardiovascular disease, any contraindication to exercise, or any known metabolic disorder. The nature, purpose, and potential risks of the study were explained to all the subjects, and voluntary informed written consent was obtained from all subjects before participation in the study. This study was conducted in accordance with the guidelines proposed in The Declaration of Helsinki and was approved by the Higashi Toride Hospital, and the study protocol was reviewed and approved by the Ethics Committee, University of Tsukuba, Japan. The metabolic syndrome was defined according to the criteria of the Japan Society for the Study of Obesity (8) Anthropometric measurements. Body height was measured to the nearest 0.1 cm using a wall-mounted stadiometer (TBF-215; Tanita, Tokyo, Japan), and body weight was measured to the nearest 0.01 kg using calibrated electronic digital scales (TBF-215; Tanita) in barefoot subjects. Body mass index was calculated by dividing the weight (in kg) by the square of the height (in m 2 ). Waist circumference was measured at the level of the umbilicus in lightly clothed participants in the standing position. The mean of two consecutive records was used as the measured value. Dual-energy X-ray absorptiometry (DXA) was performed using a Lunar (software version 1.3Z, DPX-L; Lunar, Madison, WI) to evaluate body composition, which was assumed to consist of fat mass and fat-and bone-free mass, as previously described (34) . The pixels of soft tissue were used to calculate the ratio of mass attenuation coefficients at 40 -50 keV (low energy) and 80 -100 keV (high energy). The subjects were made to lie supine with arms and legs at their sides during the 15-min scan; radiation exposure was Ͻ7 Sv. All the scans were performed by the same operator, and daily quality assurance tests were performed according to the manufacturer's directions. It places low demands on the subjects' performance, and it is, therefore, the most convenient in the obese as well as elderly individuals. In the second measurement session, abdominal visceral fat and subcutaneous fat area were measured using computed tomography (CT) scans (SOMATOM AR.C; Siemens, Germany) set at 110 kVp and 50 mA. A single 5-mm scan with a scanning time of 5 s was obtained, centered at the level of the umbilicus (4th and 5th lumbar vertebrae) in the supine position with the participants' arms extended above the head during the measurements. The images were digitized by optical density to separate the bone, muscle, and fat compartments. The visceral fat and subcutaneous fat area were calculated using a computer software program (Fat Scan; N2 system, Osaka, Japan), as described previously (30, 34) . The measurement sessions were separated by approximately 1-2 day, depending on the participant's schedule and the availability of CT.
Clinical assessment of epicardial adipose tissue. For direct assessment of the epicardial adipose tissue, each participant underwent echocardiography as proposed by Iacobellis et al. (15, 18) . With the subjects in the left lateral decubitus position, two-dimensionally guided M-mode echocardiography was performed using an Envisor C (Philips) with a 2.5-MHz transducer. The largest dimension of this space was in the end-diastolic period and was measured from the trailing edge to the leading edge on the free wall of the right ventricle; this measurement was considered as the maximum epicardial fat thickness in two standard echocardiographic views, namely the parasternal long-axis and short-axis views, and an average of the measurements on both views was obtained for offline analysis of the recorded videotape. To decrease the variability, three cardiac cycles were read and measured in the end-diastolic period of the right ventricle. At the analysis (before and after the exercise training program), research personnel were blinded to the baseline test results to minimize observation bias according to a previously described study; this was necessary because epicardial fat thickness was being carefully considered in relation to the degree of weight loss (20, 49) .
Anaerobic threshold and maximal aerobic capacity. The subjects underwent a maximal graded exercise test on a cycling ergometer (818E; Monark, Stockholm, Sweden) for evaluation of cardiovascular function and simultaneous determination of the individual's peak oxygen uptake (V O2) and anaerobic threshold (AT). Following a 2-min warm-up at 0 W, the exercise was started at a workload of 15 W that was increased every 1 min by another 15 W until volitional exhaustion. During the test, ventilation and expired gases were measured using an automated gas exchange measuring system (Oxycon ␣ system; Mijnhardt, Breda, The Netherlands), and the heart rate was constantly observed at rest and during the exercise and recovery periods using an ECG monitor (Dyna Scope; Fukudadenshi, Tokyo, Japan). AT, a discriminatory marker between cardiovascular and pulmonary limitations to exercise (48) , was determined from Vslope-AT, which was plotted using the v-slope technique as described in an earlier study (4) . The carbon dioxide output (V CO2) vs. V O2 curve was divided into two regions, each of which was fitted by linear regression, and the intersection between the two regression lines was regarded as the Vslope-AT. The software of the Oxycon equipment automatically established the regression lines and their crossing points. The highest oxygen uptake achieved over 30 s was determined as peak V O2 (V O2peak). The V O2peak was referred to the criteria described by Tanaka et al. (44) . Exercise testing was discontinued in case of the following reasons: perceived exertion rating Ͼ 18; achievement of Ͼ90% of the age-predicted maximal heart rate or extreme fatigue such that pedaling on the bicycle was not possible; typical chest discomfort; severe arrhythmias; or Ͼ1 mm of horizontal or downward-sloping ST segment depression. Based on these criteria, two subjects who had an ischemic response to exercise and two who had an impaired chronotropic response (i.e., inability to achieve 80% of the age-predicted maximal heart rate, defined as 220 beats/min minus age) were excluded.
Exercise training program. All exercise training sessions were supervised by an exercise physiologist and were conducted at the University of Tsukuba. In brief, a 10-min warm-up session was conducted in the fitness studio, followed by aerobic exercise (running) around the University of Tsukuba campus, and a 10-min cool-down period, along with a predetermined set of stretching exercises for the quadriceps, hamstrings, and gastrocnemius before and after each session. The exercise intensity was based on the percentage of maximal heart rate attained by each subject, which was determined during the initial aerobic fitness test. Briefly, the exercise training intensity calculated from the maximum heart rate achieved during the maximal graded exercise test on a cycling ergometer was commenced at a level prescribed between 50 and 60% of the maximal heart rate and was gradually increased so that by week 4, the subjects were exercising at 60 -70% of the maximum heart rate (Ӎ50% V O2 peak), corresponding to their maximum heart rate, or 11-13 of Borg's scale (7) until the completion of the exercise program. Using heart rate monitors, the target range of heart rate was monitored during each exercise session. Both the day-by-day account of ambulation and activity were assessed by a uniaxial accelerometry sensor (Lifecorder; Suzuken). To estimate energy expenditure of exercise, heart rate was monitored continuously during each training session by using a telemetric heart rate monitor (RS 400; Polar Electro Accurex Plus).
Diet record. The participants were encouraged not to alter their dietary intake during the course of the study to confirm only the exercise effects. Every week, the subjects were instructed to complete their dietary records, which were analyzed by the Tsukuba Health Center dietitian, and were asked to maintain their pretraining diet.
Insulin resistance. A single bout of exercise has been shown to improve insulin sensitivity, and these effects can persist for up to 48 h after exercise (28, 35) . Therefore, at 48 -50 h after the last bout of exercise, we evaluated the insulin sensitivity from the plasma glucose and serum insulin levels. The quantitative insulin sensitivity check index (QUICKI), a surrogate measure of insulin resistance, is a simple index that is based on the glucose and insulin levels in a fasting blood sample (24, 29) and is calculated as follows:
Blood pressure and biochemical analysis. Blood pressure was measured after at least a 20-min rest period using a mercury manometer. We calculated the average of two measurements separated by at least a 3-min interval for each subject who lay bare-armed in a bed with the back angulated at ϳ45°from the table and supported at the level of the heart. Both systolic and diastolic blood pressure was recorded.
At baseline and after exercise, blood sampling was performed in overnight-fasted participants sitting upright after blood pressure measurement and a rest period of at least 20 -30 min. The fasting blood samples were collected from the antecubital vein into tubes containing either sodium fluoride/EDTA for glucose or into tubes containing no additive for lipids and insulin. In brief, blood samples were put into 8-ml tubes containing thrombin-and heparin-neutralizing agents. The tubes were immediately centrifuged at 3,000 rpm for 10 min at 4°C. The blood in the 8-ml tubes was used for analyses of plasma concentrations of free fatty acids, insulin, and lipids. Plasma TG concentrations were determined by the enzymatic method by using a TG kit, and plasma free fatty acids were measured by the colorimetric method (25) . Low-density lipoprotein (LDL)-cholesterol was calculated according to Friedewald's formula (10) . Serum high-sensitivity C-reactive protein was determined by an immunonephelometric assay (lipoprotein was determined by immunonephelometry). The inter-and intra-assay coefficients of variation were Ͻ5% for all blood parameters.
Statistical procedures. All values are presented as means Ϯ SD. The baseline data were compared with the data obtained after exercise training by the paired t-test. The categorical data of the metabolic syndrome were compared using a 2 test. The data were analyzed by one-way ANOVA followed by Dunnett's multiple comparison test. Pearson's correlation coefficient analysis was used to determine the relationships between the variables. To determine the variables independently associated with changes in the epicardial fat levels, a stepwise multiple regression analysis was performed. The normality of distribution of the variables was assessed using the Shapiro-Wilks test, and they were used as dependent and independent variables. The data were analyzed using the SPSS 13.0 version for Windows package (SPSS, Chicago, IL). A statistically significant level of P Ͻ 0.05 was chosen. Two-tailed P values have been used in the text.
RESULTS
Clinical characteristics of the study participants. The characteristics of the participants who underwent exercise testing and blood examination at baseline and after exercise training are shown in Table 1 . The total energy intake as assessed by nutritionists before and after the exercise training was shown to have decreased slightly from 2,237 Ϯ 422 to 2,180 Ϯ 444 kcal/day, although not statistically significant. Meanwhile, the energy expenditure on physical activity increased significantly from 283 Ϯ 124 to 494 Ϯ 126 kcal/day due to the 3-mo aerobic exercise program.
Twenty-four subjects completed the aerobic exercise training. Their average age was 49.4 Ϯ 9.6 yr and mean BMI was 30.4 Ϯ 3.4 kg/m 2 . Only one subject did not have abdominal obesity (waist circumference Ͼ 88 cm, and visceral fat area Ͼ 100 cm 2 ), while 58% of the subjects (n ϭ 14) had the metabolic syndrome according to the criteria of the Japan Society for the Study of Obesity. The number of individuals with the metabolic syndrome significantly decreased to 42.3% after the 3-mo exercise training program, suggesting that aerobic exercise training can improve the status of metabolic factors in obese men as shown in Table 2 . In addition, QUICKI significantly increased after aerobic exercise training, suggesting the amelioration of insulin resistance. However, the serum C-reactive protein concentration did not change (1,872 Ϯ 2,210 vs. 1,167 Ϯ 817 mg/l before and after the exercise training, respectively; P ϭ 0.094). The level of cardiovascular fitness improved with an average 23.7% increase in V O 2peak after exercise training (28.4 Ϯ 7.2 vs. 34.0 Ϯ 6.2 ml⅐kg Ϫ1 ⅐min Ϫ1 before and after exercise training, respectively; P Ͻ 0.001) as a result of training. The anaerobic threshold also increased significantly (17.7 Ϯ 3.9 vs. 19.3 Ϯ 4.4 ml⅐kg Ϫ1 ⅐min Ϫ1 before and after exercise training, respectively; P ϭ 0.002). Likewise, a significant decrease in the resting heart rate (HR rest ) was observed (69.9 Ϯ 13.3 vs. 64.8 Ϯ 7.9 beats/min before and after exercise training, respectively; P Ͻ 0.001). However, the peak heart rate remained unchanged (156 Ϯ 14 vs. 157 Ϯ 13 beats/min before and after exercise training, respectively; P ϭ 0.538).
Abdominal and epicardial fat tissue. To assess the reproducibility of the echocardiographic measurement of epicardial fat thickness, 24 subjects were randomly selected for off-line analysis by two observers who were unaware of metabolic and clinical data. The intraclass correlation coefficient was 0.92 and the interclass correlation coefficient was 0.97, suggesting an excellent reproducibility of this fat thickness. The changes in the abdominal fat area as measured by computed axial tomography showed that the subcutaneous and visceral fat had Values are means Ϯ SD; n ϭ 24 subjects. V O2peak, peak oxygen uptake.
decreased significantly with aerobic exercise training (subcutaneous fat: 234.6 Ϯ 74.0 vs. 194.1 Ϯ 58.9 cm 2 before and after exercise training, respectively; visceral fat: 197.1 Ϯ 61.9 vs. 165.7 Ϯ 57.0 cm 2 before and after exercise training, respectively; P Ͻ 0.001). Likewise, the epicardial fat thickness as measured by M-mode echocardiography was significantly decreased in our subjects (8.11 Ϯ 1.64 vs. 7.39 Ϯ 1.54 mm before and after exercise training, respectively; P Ͻ 0.001), as shown in Fig. 1 .
The percent change of epicardial fat thickness (Ϫ8.61%) was significantly higher compared with those of waist (Ϫ4.4%), BMI (Ϫ4.3%), and body weight (Ϫ4.2%) of original values after exercise training. In addition, percent changes in the epicardial fat thickness were significantly different from those of waist (P ϭ 0.015), BMI (P ϭ 0.013), and body weight (P ϭ 0.011). The abdominal fat and epicardial fat were significantly decreased following aerobic exercise training in obese people, as indicated in Fig. 2 . We determined whether the change in the epicardial fat thickness was related with the change in the abdominal fat in obese men following the exercise training. Pearson product-moment correlation analysis indicated that the changes in the epicardial fat thickness were significantly associated with the changes in the visceral fat tissue with exercise training (r ϭ 0.525; P ϭ 0.008) as shown in Fig. 3 . The results showed that epicardial fat, as a form of intra-abdominal visceral fat, reduced with a concomitant decrease in the abdominal visceral fat following aerobic exercise training. To analyze the significant prerequisites that could explain the changes (⌬) in the epicardial fat thickness as the dependent variable, namely ⌬epicardial fat, a stepwise multiple Data are expressed as means Ϯ SD. TC, total cholesterol; HDLC, high-density lipoprotein cholesterol; TG, triglyceride; LDLC, low-density lipoprotein cholesterol; AST, alanine aminotransferase; AST, aspartate aminotransferase; ␥-GTP, ␥-glutamyl transpeptidase; QUICKI, quantitative insulin sensitivity check index; CRP, C-reactive protein. Paired t-test for statistical differences except for metabolic syndrome, which was evaluated using a 2 -test. *Metabolic syndrome was assessed according to the criteria established by the Japan Society for the Study of Obesity. regression analysis was performed with all other independent variables. ⌬BMI, ⌬VAT, ⌬QUICKI, ⌬SBP, ⌬HR rest , ⌬TG/ HDL, ⌬apolipoprotein A-I, ⌬apolipoprotein A-II, and ⌬%fat were used as independent variables. All variables were found to show a normal distribution on assessment by the ShapiroWilks test. As a result, ⌬VAT, ⌬SBP, and ⌬QUICKI were independently related to ⌬epicardial fat (P Ͻ 0.05), as shown in Table 3 while the other variables, including ⌬HR rest , ⌬TG/ HDL, ⌬apolipoprotein A-I, ⌬apolipoprotein A-II, and ⌬%fat, were not entered into the analyses due to their nonsignificant associations.
DISCUSSION
Although the metabolic alterations in epicardial adipose tissue that signal progression of obesity to insulin resistance remain unclear, the amount of epicardial fat tissue, which is a recognized indicator of cardiac risk, is a potentially active player in the development of an unfavorable metabolic risk profile (16, 22) . To the best of our knowledge, there are no data on exercise training-induced changes in the epicardial fat tissue in humans, although exercise has been shown to have effects on visceral fat reduction in systematic reviews of clinical trials (33) and other studies (37) (38) . In the present study, considering this factor, we investigated the effects of exercise training on the epicardial fat thickness in obese men and tested the hypothesis that a substantial reduction in the epicardial fat thickness would be accompanied by a decrease in VAT. The original finding of the present study is as follows. First, our data demonstrated for the first time that the epicardial fat thickness in obese men can be reduced by exercise training. Second, the percent change in epicardial fat thickness was twice as high compared with those of the waist, BMI, and body weight after exercise training. Third, reduction in the epicardial fat thickness was accompanied by a decrease in the VAT. Fourth, the change in VAT, SBP, and QUICKI were independently related to the change in epicardial fat thickness.
In general, increased amount of abdominal fat contributes to insulin resistance. More recently, it has been reported that VAT loss after aerobic exercise training improves glucose metabolism and is associated with the reversal of insulin resistance (31) . In present study, we found a significant association between the epicardial fat thickness and QUICKI at baseline, although the association was weaker than that reported in a previous study (17) (r ϭ Ϫ0.429, P Ͻ 0.05). Thus increased physical activity due to a single bout of exercise as a lifestyle modification may improve insulin sensitivity, and weeks of exercise for reduction in fat tissue in the compartments of various organs in obese men.
It has been reported that BMI and VAT are strongly associated with epicardial fat thickness (18) . However, it is likely that different types of intervention program affect the change in the pattern of epicardial fat thickness. For instance, in a very low-calorie-diet weight loss program, the epicardial fat thickness, waist, BMI, and body weight values were 32%, 23%, 19%, and 20%, respectively, lower than the baseline values. However, in this study, the exercise training program demonstrated that the percent change in epicardial fat thickness (Ϫ8.6%) was twice as high compared with the original values of the waist (Ϫ4.4%), BMI (Ϫ4.3%), and body weight (Ϫ4.2%) after exercise training; this suggested that exercise training exhibits more percent reduction in epicardial fat thickness compared with the above-mentioned adiposity indexes such as the waist, BMI, and body weight.
Lipid accumulation within nonadipose tissues and organs has been reported. A recent study showed that the accumulation of TGs in the left ventricular myocardium, which is strongly associated with epicardial fat deposition (r ϭ 0.69), was significantly increased in obese individuals rather than in lean individuals (23) . In addition, it has been reported that the intervention program decreased the intracellular lipid contents in hepatocytes and myocytes, i.e., a negative association between lipids and insulin sensitivity, in non-insulin-dependent diabetes mellitus and obese subjects (40, 44) . Taken together, the ongoing accumulation of lipids in and around nonadipose tissues and organs may implicate its association with a variety of diseases such as metabolic and cardiovascular diseases.
There are regional heterogeneous differences in lipolytic activity between the various adipose tissue depots in the body, depending on anatomic location (3). For instance, the VAT Fig. 3 . Correlation between the percent changes in visceral fat tissue and epicardial fat thickness. Scatterplot depicts the relationship between the percent changes in visceral fat and epicardial fat tissue after the 12-wk exercise training program in 24 subjects. (33) . Our present study did not show a greater reduction in VAT in response to exercise training, unlike the other studies (39) . This difference may be explained as follows. First, in the subjects' characteristics, there was a substantially higher variation of VAT distribution at baseline. The lipolytic response during relative exercise intensity seems to be different because of the difference in obesity phenotype reported in our previous study (30) . Second, exercise training protocols of this study, in particular the volume and intensity of exercise, was different from those in previous intervention studies; these studies demonstrated that high amount [equivalent to 20 miles/wk at vigorous intensity (65-80% V O 2peak ) (42) or exercise expenditure by 700 kcal/ day (37)] showed a preferentially reduced VAT, whereas low amount [equivalent to 12 miles/wk of moderate-intensity exercise training (40 -55% V O 2peak )] showed a reduction in subcutaneous fat compared with VAT (42) . Therefore, a study on the relationship of exercise intensity with epicardial fat thickness is warranted in the future. Little is known on the effects of intervention program on the distribution of epicardial fat tissue vs. VAT depot. We are aware of two studies that used our same techniques; in these studies, a 6-mo very low-calorie-diet (900 kcal/day) weight loss program (Ϫ20 kg, on average) decreased epicardial fat thickness (from 12.3 to 8.3 mm) in severely obese subjects with BMI of 45 kg/m 2 (20) , and a weight loss program (Ϫ40 kg, on average) after bariatric surgery in severely obese patients with a BMI of 54 kg/m 2 contributed to a decrease in the epicardial adipose tissue, suggesting that weight loss alone affects the reduction in epicardial fat thickness (49) . Although the present study provides a novel perception, i.e., decreased epicardial fat thickness in response to exercise training in obese men, it has some limitations. First, we did not have a control group. As described earlier, weight loss alone reduces the epicardial fat thickness. Therefore, study on the direct comparison of effects of exercise training with and/or without weight loss on epicardial fat tissue is required for further clarification. However, for precise assessment of validity, the laboratory investigators in the present study were blinded to the baseline and follow-up (at the end of the study) recordings to minimize the investigator bias. Second, the relatively small size of our population sample might be concomitant with a type II error. Taken together, further studies on the effects of exercise training with and/or without weight loss involving a large number of subjects are required to demonstrate the effectiveness of exercise.
Along with clinical interest in epicardial adipose tissue (6 -7, 9, 16 -20) , to date, many studies have focused on epicardial fat tissue by measuring the length of the right ventricular epicardial fat using echocardiography (2, 7, 18) . Echocardiography cannot be used for the quantification of epicardial fat tissue because of its linear analysis, which may not reflect the volumetric quantification of epicardial fat (20) . However, multidetector CT provides epicardial fat distribution across the various cardiac segments (1). Moreover, the assessment of epicardial fat volume summation of slices derived from threedimensional MRI (9) yields the values of volumetric epicardial fat. More recently, cardiac multislice CT scans provide specific values for quantifying the epicardial fat volume (11) . Therefore, further study will be required to assess quantitative changes in the adipose tissue surrounding the heart after any intervention program and exercise training.
The present study demonstrated that exercise training without diet restriction causes a significant reduction in the epicardial fat thickness along with a decrease in visceral fat, indicating an improvement in obesity-associated cardiovascular and metabolic abnormalities; it also suggests important health benefits of exercise training and reinforces the notion that exercise training is a useful treatment strategy for obesity reduction.
